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a  b  s  t  r  a  c  t
Pre-weaning  piglet  mortality  represents  signiﬁcant  economic  losses,  and  approximately
half of this  mortality  occurs  within  the ﬁrst 3  days  after  birth.  Factors  involved  in  postnatal
mortality  can  also  be associated  with  a poor  growth  performance  until  weaning.  The  aim
of this  study  was  to  evaluate  the  effect  of some  variables  measured  right  after  birth  on
piglet  survival  during  the  ﬁrst week  of life  and  growth  performance  until  weaning.  Piglets
included in  the  analysis  (n = 612)  were  born  from  3  to 5  parity  sows.  Piglets  were  mon-
itored  for  blood  oxygen  saturation  (SatO2), heart  rate  (HR),  blood  glucose  concentration,
rectal  temperature  at birth  (RT0  h)  and  at 24  h  after  birth  (RT24  h).  Genetic  line,  birth  fol-
lowing or  not  an  obstetric  intervention,  birth  order,  sex, skin  color,  integrity  of  the  umbilical
cord,  and  time  elapsed  from  birth  until  ﬁrst  attempts  to stand  were  also  recorded.  Piglets
were  weighed  at  birth  (BW),  and  at  7,  14  and  21 days  after  birth  in  order  to  evaluate  their
postnatal  development.  Cumulative  mortality  rates  were  3.3%,  5.4%  and  8.7%  at  3, 7 and
21 days  after  birth,  respectively.  Body  temperature  at birth (RT0  h)  did not  affect  (P >  0.05)
the survival  nor  the  piglet  growth  performance.  Piglets  with  cyanotic  skin  and  those  that
took more  than  5  min  to  stand  showed  higher  chance  of  mortality  (P <  0.05)  compared
to  normal  skin  piglets  and  to  piglets  which  stood  before  1 min,  respectively.  Piglets  with
broken  umbilical  cord had  higher  odds  (P < 0.05)  of mortality  up to 3  days  after  birth,  respec-
tively. Higher  odds  (P  <  0.05)  of mortality  up to 3 or 7  days  were  associated  with  later  birth
order (>9),  low  BW  (<1275 g), low  (24–30  mg/dl)  and  high  (45–162  mg/dl)  blood  glucose
concentrations,  or low  RT24  h  (<38.1 ◦C).  Piglets  with  BW  < 1545  g, low  RT24  h  (<38.6 ◦C)
and  female  piglets  had  higher  odds  of  a  low  weight  at weaning  (P  <  0.05).  Among  the  fac-
tors studied,  cyanotic  skin,  delay  for standing,  broken  umbilical  cord,  high  birth  order,  low
BW,  low  RT24  h, and both  low  and high  blood  glucose  concentrations  are  indicators  of a
lower  ability  of  piglets  to survive  during  the ﬁrst  week  after  birth.  The  growth  performance
until  weaning  is  compromised  in piglets  with  a lower  BW,  a lower  RT24  h  and  if  they  are
female  pigs.. IntroductionBecause of the great economic beneﬁt generated by
 higher neonatal survival, several studies have been
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performed to identify factors related with pre-weaning
survival (Tuchscherer et al., 2000; Casellas et al., 2004;
Baxter et al., 2008, 2009). Adaptation to extra uterine life
is a considerable challenge for the neonatal piglet (Baxter
Open access under the Elsevier OA license.et al., 2008). Pre-weaning survival is inﬂuenced by sev-
eral factors like birth weight (BW), litter size, farrowing
length, dystocia, birth order (BO), environmental temper-
ature, nutritional status, health, gender, and maternal and
terinaryA. Panzardi et al. / Preventive Ve
piglet behavior (Lay et al., 2002). Despite the fact that pre-
weaning mortality is still relatively high in almost all pig
farms, its occurrence has decreased from 35% in 1924 to
around 15–20% in the beginning of the new millennium
(Tuchscherer et al., 2000; Lay et al., 2002).
Birth order affects pre-weaning survival rate because
piglets with a high BO position have higher probability
to suffer hypoxia during delivery. A moderate degree of
neonatal asphyxia is considered normal in most of the
species; however in later-born piglets this asphyxia can
be more severe (Randall, 1971) due to the fact that the
successive contractions may  cause some injury to them.
The generated hypoxia can raise the interval between birth
and the ﬁrst suckling, which could also lead to hypother-
mia. Asphyxia during delivery is considered the main cause
of noninfectious intrapartum stillbirth and is related to
neonatal viability in pigs (Randall, 1971, 1972; Zaleski and
Hacker, 1993b,c; Mota-Rojas et al., 2005; Trujillo-Ortega
et al., 2007).
In addition to the widespread use of pulse oximetry
for monitoring patients during general anesthesia, in the
intensive care unit and recovery rooms (Jensen et al., 1998),
it is widely used and accepted as a noninvasive technology
for estimating blood saturation levels in human neonates
(Harris et al., 1986; East et al., 2002; East and Colditz, 2007),
because it provides a means of continuously and quickly
assessing arterial blood oxygenation. Continuous monitor-
ing by pulse oximetry provides an immediate alert to rapid
desaturation prior to clinically observable signs; however,
concern remain about the accuracy and limits of pulse
oximetry under low oxygen saturation levels (Jensen et al.,
1998).
Piglets with a low BW have a reduced ability to keep
their body temperature, taking more time to reach the
udder, consequently having a lesser colostrum and milk
intake (Herpin et al., 1996; Lay et al., 2002). Literature con-
cerning the association of low birth weight with a lower
survival rate or a lower growth performance is abundant
(Quiniou et al., 2002; Casellas et al., 2004; van Rens et al.,
2005; Baxter et al., 2008, 2009; Fix et al., 2010a,b). Ther-
moregulatory capacity, which is directly related to birth
weight, has a great impact on piglet survival. Low birth
weight piglets have a high body surface in relation to
their weight, therefore being prone to hypothermia (Herpin
et al., 2002).
The focus of most studies about physiological parame-
ters associated with piglet pre-weaning mortality has been
direct toward early losses – stillborn or mortality dur-
ing 3–10 days after birth (Zaleski and Hacker, 1993a,b;
Herpin et al., 1996; Tuchscherer et al., 2000; Trujillo-Ortega
et al., 2007). Few studies exist which focus on piglet traits
as indicators of late pre-weaning survival (Casellas et al.,
2004; Baxter et al., 2008, 2009). Furthermore, the relation
between piglet traits with growth performance is scarce
(Herpin et al., 1996), being mainly restricted to the effect
of birth weight on pre-weaning growth (Milligan et al.,
2002a,b; Quiniou et al., 2002; Gondret et al., 2005; Rehfeldt
et al., 2008; Fix et al., 2010a).
The aim of this study was to evaluate the effect of some
variables measured after birth (skin color; integrity of the
umbilical cord, attempts to stand, birth order, sex, birth Medicine 110 (2013) 206– 213 207
weight, body temperature, blood glucose concentration,
and blood oxygen saturation) on survival of piglets during
the ﬁrst week, and their growth performance until wean-
ing.
2. Material and methods
2.1. Housing and management
This study was  performed in a commercial farm with
5500 sows, located at Mato Grosso State in the Midwest
region of Brazil (Parallel 14◦) from March to April. This
region has a tropical climate, whose average ambient tem-
peratures varied from 21 to 27 ◦C. The average minimum
and maximum temperatures ranged from 16 ◦C to 23 ◦C
and from 24 ◦C to 36 ◦C, respectively. The room tempera-
ture was  controlled based on the curtain management that
consists on subjective criteria for carrying up or lowering
according to the sensitivity of the employee in accordance
with aspects such as light, wind chill and wind speed.
Sows were moved to individual farrowing crates around
one week before farrowing. Farrowing crates had in the
middle a solid ﬂoor with a slatted drainage panel at the back
and both sides, which was cleaned twice daily. Farrowings
were induced with a synthetic analog of Prostaglandin F2
(Dinoprost, Trometamina, Pﬁzer Animal Healthy) at 113
day of gestation. All sows had farrowing assistance from
the ﬁrst until the last piglet born. During the farrowing
some human intervention (e.g., massage, oxytocin admin-
istration and manual obstetric intervention) were done just
when necessary. The temperature inside the creep area was
maintained through an electric heating lamp controlled by
a thermostat.
At the farrowing room, a commercial dry lactation diet
was offered twice daily at 0800 and 1600 h in a total amount
of 3 kg (3134 kcal EM/kg, 18.3% CP and 0.85% lysine). At the
farrowing day sows were not fed. In the ﬁrst three days of
lactation period sows were fed twice daily, with a gradual
increase from 2 to 4 kg until the third day after parturi-
tion. From the fourth day until weaning sows were fed
ad libitum. Water was available ad libitum throughout the
experimental period.
2.2. Neonatal measurements
Six hundred and twelve (612) born alive piglets from
ﬁfty-six (56) sows of 3–5 parity (28 Camborough 22 and 28
Camborough 23) were included in the study.
The umbilical cord of each piglet born was examined
to see if it was  intact or broken. At birth, piglets were
monitored for blood oxygen saturation (SatO2), heart rate
(HR), blood glucose concentration, and rectal temperature
(RT0 h). At 24 h after birth, rectal temperature was mea-
sured again (RT24 h). Birth order, sex, skin color, integrity
of the umbilical cord, and time elapsed from birth until the
ﬁrst attempts to stand were also recorded. All piglets were
individually earmarked and weighed right after birth.The choice of those physiological parameters was  based
on previous studies (Randall, 1971; Herpin et al., 1996)
and on the Apgar score program commonly used in human
neonates (Alonso-Spilsbury et al., 2005). Both HR and SatO2
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ere measured in the groin region by pulse oximetry with a
eonatal probe (MindRay PM-50 Hand Held Pulse Oximeter
onitor – Balkowitsch Enterprises, Inc.®) right after birth,
eing the two ﬁrst parameters measured. Rectal temper-
ture was the following variable to be measured with a
igital thermometer and blood glucose concentration was
he fourth measured parameter using a portable human
lucometer (Prestige IQ®) in blood samples collected from
he proximal part of umbilical cord as a mixture of venous
nd arterial blood. All these parameters were measured
ithin a maximum of 5 min  after birth. The umbilical cord
as tied and cut at a distance of approximately 5 cm from
he abdominal wall.
Piglets were weighed at 7, 14 and 21 days after birth
n order to evaluate their postnatal development. Piglets
hose weight was obtained at 19 or 20 days of life had
heir weight adjusted for 21 days.
.3. Statistical analyses
All the statistical analyses were performed with
tatistical Analysis System software (SAS), release 9.3.
escriptive analysis was obtained with MEANS procedure.
efore running deﬁnitive models of analysis, the collinea-
ity among the factors being studied was evaluated with
ORR procedure or Chi-square test. Logistic regression
odels, using the GLIMMIX procedure, were run to eval-
ate the effect of parameters monitored at birth on the
ortality of piglets during the ﬁrst week (three and seven
ays) after birth and on growth performance until wean-
ng. In the models used to investigate which factors could
e a risk for piglet mortality, the dependent variable was
inomial, i.e., the fact that the piglet died or not. To deter-
ine the possible risk factors for a low weaning weight,
he dependent variable was also binomial, i.e., the fact that
ach piglet belonged or not to the lighter group at wean-
ng. This group represented about 15% of the piglets and it
as composed by piglets whose weight (≤4200 g) was one
tandard deviation below the average weight at weaning.
Frequency distributions for mortality and lower weight
t weaning according to each possible risk factor were
btained with the FREQ procedure. The possible risk factors
ere included in the logistic regression models as inde-
endent variables and were categorized as follows: genetic
ine (C22 and C23); birth after obstetric intervention (yes
r no); sex (female and male); integrity of the umbilical
ord (intact and broken); skin color (cyanotic, pale and
ormal); attempts to stand (<1 min, 1–5 min  and >5 min);
irth weight (490–1270 g, 1271–1540 g, 1541–1790 g and
791–2750 g); body temperature at birth (31.3–36.8 ◦C;
6.9–37.9 ◦C; 38.0–38.5 ◦C and 38.6–40.8 ◦C); body tem-
erature at 24 h after birth (33.3–38.0 ◦C; 38.1–38.5 ◦C;
8.6–38.9 ◦C and 39.0–40.5 ◦C); blood glucose concen-
ration (24–30 mg/dl; 31–44 mg/dl; 45–162 mg/dl);
eart rate (25–116 bpm; 117–162 bpm; 163–200 bpm;
01–282 bpm); blood oxygen saturation (10–70%, 71–77%,
8–83%, 84–100%) and birth order (1–9 and 10–17). The
ategories for BW,  SatO2, HR, RT0 h and RT24 h were
reated by respecting the closest possible distribution of
ata in quartiles. For blood glucose concentration, there
as no mortality in piglets belonging to the third quartile, Medicine 110 (2013) 206– 213
so those belonging to the second and third quartile were
grouped in one class. The two classes created for birth
order were based on a previous report of a signiﬁcant
increase in stillbirth from the tenth piglet onward (Borges
et al., 2008).
Skin color and time elapsed to stand were evaluated
only through univariate logistic regression models, because
these two factors were associated one to each other and
also with weight and body temperature at birth. The pres-
ence of collinearity was conﬁrmed for the variables birth
weight, body temperature at birth and at 24 h after birth,
and also between birth order and integrity of the umbil-
ical cord. These factors involved in collinearity were not
tested together in the same model thus being used two
models to study the risk factors for both mortality and low
weaning weight. The following independent variables were
included as ﬁxed effects in Model 1: genetic line, birth after
obstetric intervention, sex, birth order, blood glucose con-
centration, SatO2, HR and BW (Model 1). In a ﬁrst analysis
with Model 2, RT0 h, instead of RT24 h, was investigated,
but it was not signiﬁcant (P > 0.05) as a risk factor for both
mortality and low development. Thus, the variables genetic
line, birth after obstetric intervention, sex, integrity of the
umbilical cord, blood glucose concentration, SatO2, HR and
RT24 h were included as ﬁxed effects in Model 2. In addi-
tion to the described ﬁxed effects the models contained a
random intercept term to account for random litter effect.
The signiﬁcance level for considering the variables as risk
factors was P ≤ 0.05.
3. Results
Of the 676 piglets obtained from 56 females, 28 were
stillborn (4.1%), 13 were mummiﬁed (1.9%) and 635 were
born alive (93.9%). Of the 635 piglets born alive, 612
were included in the analysis because one or more vari-
ables could not be measured in 23 piglets. Results from
descriptive analysis are shown in Table 1. Mortality rates
were 3.3%, 5.4% and 8.7% until 3, 7 and 21 days after
birth, respectively. The causes for such mortality (53/612)
were: crushing (14 piglets), runt (13 piglets), starvation (11
piglets) and other causes (15 piglets – asphyxia, arthri-
tis, diarrhea, hernia, attacks by the sow, and congenital
defects).
Cumulative frequencies of mortality at 3 and 7 days after
birth, according to genetic line, birth after obstetric inter-
vention, sex, integrity of the umbilical cord and skin color
are shown in Table 2. Piglets with cyanotic skin showed 7.9
and 5.2 more chances to die (P < 0.05) up to 3 and 7 days
after birth, respectively, compared with normal skin color
piglets. Cumulative frequencies of mortality at 3 and 7 days
after birth, according to birth weight, rectal temperature,
glucose concentration, HR, SatO2, BO and time to stand, are
shown in Table 3. The univariate logistic regression analy-
sis showed 48.1 and 22.5 more chances to die up to 3 and
7 days in piglets that took more than 5 min to stand than
in those which stood before 1 min. In Table 4 are presented
the results of multivariable logistic analysis to investigate
risk factors for mortality. Higher odds (P < 0.05) of piglet
mortality up to 3 or 7 days were observed in later birth
order (>9), low birth weight (<1275 g), low (24–30 mg/dl)
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Table 1
Descriptive statistics of 612 piglets evaluated at birth and during the lactation period on a pig farm in Brazil.
Variables n Mean ± SEM Median Minimum and maximum CV
Birth weight (BW), g 612 1518 ± 14.8 1540 490–2750 24.0
Heart  rate (HR), bpm 612 158.0 ± 2.3 161.0 25.0–282.0 35.6
Glucose, mg/dL 612 40.6 ± 0.6 36.0 24.0–162.0 39.3
Oxygen saturation, % 612 76.3 ± 0.5 77.0 10.0–100.0 16.0
Rectal temperature at 0 h, ◦C 612 37.6 ± 0.06 37.9 31.3–40.8 3.7
Rectal  temperature at 24 h, ◦Ca 606 38.4 ± 0.03 38.5 33.3–40.5 2.1
Weight  at 7 days, gb 584 2600 ± 0.02 2600 1100–4300 23.4
Weight at 14 days, g 569 4100 ± 0.04 4100 1400–7000 23.5
Weight at 21 days, gc 547 5500 ± 0.05 5600 1300–9200 22.2
a Six piglets died before the rectal temperature 24 h after birth was  measured.
b Five piglets were weighed but died at the seventh day after birth.
c Besides the 53 dead piglets, 12 could not be weighed.
Table 2
Cumulative frequency of mortality at 3 and 7 days after birth and percentage of piglets in the group of lower weight at 21 days after birth according to
qualitative variables measured at birth.
Variables n Cumulative mortality 15% lighter
At 3 days At 7 days At 21 daysa
n (%) n (%) n n (%)
Genetic line
C22 308 8 (2.6) 16 (5.2) 274 38 (13.9)
C23  304 12 (3.9) 17 (5.6) 273 42 (15.4)
Birth  after obstetric intervention
Yes 39 1 (2.6) 1 (2.6) 36 2 (5.6)
No  573 19 (3.3) 32 (5.6) 511 78 (15.3)
Sex
Female 294 8 (2.7) 11 (3.7) 269 51 (19.0)
Male  318 12 (3.8) 22 (6.9) 278 29 (10.4)
Umbilical cord
Intact 483 11 (2.3) 24 (5.0) 435 67 (15.4)
Broken 129 9 (7.0) 9 (7.0) 112 13 (11.6)
Skin  color
Cyanotic 30 5 (16.7) 6 (20.0) 24 6 (25.0)
Pale  14 1 (7.1) 1 (7.1) 12 0 (0.0)
Normal 568 14 (2.5) 
a Piglet’s weight ≤4200 g.
and high (45–162 mg/dl) blood glucose concentrations, or
low body temperature at 24 h (<38.1 ◦C). Piglets with bro-
ken umbilical cord had higher odds (P < 0.05) of mortality
up to 3 days after birth.
The frequencies of piglets with a low weight at weaning,
according to genetic line, birth after obstetric intervention,
sex, integrity of the umbilical cord, birth weight, body tem-
perature at 24 h after birth, blood glucose concentration,
HR, SatO2, birth order, and time to stand are shown in
Tables 2 and 3. Piglets with birth weight lower than 1545 g,
low body temperature at 24 ◦C (<38.6 ◦C) and females had
higher odds of a low weight at weaning (Table 5).
4. Discussion
Piglets weighing less than 1275 g represented around
25% of piglets born alive, but they contributed to 55%
and 42% of mortality up to 3 and 7 days, respectively.
The association of low birth weight with a lower survival
rate corroborates results of several studies (Milligan et al.,
2002a,b; Quiniou et al., 2002; Casellas et al., 2004; van
Rens et al., 2005; Baxter et al., 2008). Piglets with a low
BW have low body energy reserves and a reduced abil-
ity to keep their body temperature, taking more time to26 (4.6) 511 74 (14.5)
reach the udder, therefore having difﬁculties to choose a
more productive teat (Herpin et al., 1996; Lay et al., 2002).
These aspects result in lesser colostrum and milk intake,
lack of passive immunity, undernourishment, hence lower
survival and pre-weaning performance (Le Dividich and
Noblet, 1981; Quiniou et al., 2002). Birth weight was also a
determinant factor for the weight gain until weaning, con-
ﬁrming results of other studies (Milligan et al., 2002a,b;
Quiniou et al., 2002; Gondret et al., 2005; Rehfeldt et al.,
2008). Although the relationship between birth weight and
growth is not linear, increased birth weight results in faster
daily gain and heavier pigs at the end of the ﬁnishing phase
(Fix et al., 2010a).
The fact that rectal temperature at birth did not inﬂu-
ence piglet survival is in agreement with some studies
(Tuchscherer et al., 2000; Casellas et al., 2004) but contrasts
with others in which temperature at birth was higher in
surviving than in dying piglets (Baxter et al., 2008, 2009). It
is likely that rectal temperature soon after birth reﬂected
more the intrauterine conditions than the body temper-
ature of piglet after being in contact with the external
environment. Less controversial results have been reported
for the effect of later temperature measurements on piglet
survival as it was conﬁrmed by the association of lower
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Table 3
Cumulative frequency of mortality at 3 and 7 days after birth and percentage of piglets in the group of lower weight at 21 days after birth according to
quantitative variables measured at birth.
Variables n Cumulative mortality 15% lighter
At 3 days At 7 days At 21 daysa
n (%) n (%) n n (%)
Birth weight, g
490–1270 152 11 (7.2) 14 (9.2) 124 42 (33.9)
1271–1540 156 2 (1.3) 10 (6.4) 139 19 (13.7)
1541–1790 154 4 (2.6) 5 (3.2) 142 14 (9.9)
1791–2750 150 3 (2.0) 4 (2.7) 142 5 (3.5)
Rectal  temperature 0 h, ◦C
31.3–36.8 149 7 (4.7) 13 (8.7) 124 17 (13.7)
36.9–37.9 172 6 (3.5) 8 (4.6) 156 19 (12.2)
38.0–38.5 126 4 (3.2) 4 (3.2) 117 25 (21.4)
38.6–40.8 165 3 (1.8) 8 (4.8) 150 19 (12.7)
Rectal  temperature 24hb, ◦C
33.3–38.0 148 8 (5.4) 15 (10.1) 117 34 (29.1)
38.1–38.5 162 3 (1.8) 4 (2.5) 150 25 (16.7)
38.6–38.9 143 1 (0.7) 5 (3.5) 134 9 (6.7)
39.0–40.5 153 2 (1.3) 3 (2.0) 146 12 (8.2)
Glucose, mg/dl
24–30 138 8 (5.8) 11 (8.0) 121 19 (15.7)
31–44  312 5 (1.6) 11 (3.5) 285 47 (16.5)
45–162 162 7 (4.3) 11 (6.8) 141 14 (9.9)
Heart  rate, bpm
25–116 155 5 (3.2) 9 (5.8) 136 21 (15.4)
117–162 158 4 (2.5) 8 (5.1) 146 22 (15.1)
163–200 149 4 (2.7) 5 (3.4) 136 19 (14.0)
201–282 150 7 (4.7) 11 (7.3) 129 18 (13.9)
Oxygen saturation, %
10–70 148 4 (2.7) 8 (5.4) 132 20 (15.1)
71–77  159 4 (2.5) 7 (4.4) 143 26 (18.2)
78–83  152 8 (5.3) 11 (7.2) 137 19 (13.9)
84–100  153 4 (2.6) 7 (4.6) 135 15 (11.1)
Time  to stand, min
>5 min 12 6 (50.0) 6 (50.0) 6 0 (0.0)
1–5  min  60 3 (5.0) 4 (6.7) 54 9 (16.7)
<1  min 540 11 (2.0) 23 (4.3) 487 71 (14.6)
Birth  order
1–9 449 11 (2.4) 18 (4.0) 405 55 (13.6)
10–17  163 9 (5.5) 15 (9.2) 142 25 (17.6)
asured.
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aa Piglet’s weight ≤4200 g.
b Six piglets died before the rectal temperature 24 h after birth was  me
emperature at 1 h (Tuchscherer et al., 2000; Casellas et al.,
004) or at 24 h after birth with lower pre-weaning sur-
ival, in the present study and other ones (Baxter et al.,
008, 2009). Temperature at 24 h after birth likely pro-
ides a better evaluation of thermoregulation capacity.
he ability to maintain an adequate temperature at 24 h
s also a reﬂex of some variables related to neonatal via-
ility because rectal temperature at 24 h is higher with
ncreasing blood pH and birth weight, and with decreasing
lood pCO2, blood lactate and time taken to reach the udder
Herpin et al., 1996).
Body temperature at 24 h after birth was proven to
e important also for growth performance during suck-
ing period corroborating Herpin et al. (1996). A low body
emperature cannot afford enough viability to piglets face
xtra-uterine challenges related to the homeothermic bal-
nce (Baxter et al., 2008). It is worth to emphasize that
ody temperature at 24 h was associated with birth weight
r = 0.35) and 46% of lower birth weight piglets (<1275 g)
howed a temperature below 38.1 ◦C, contrasting with 17%
mong piglets with ≥1275 g. Some of the piglets born witha low birth weight and poor thermoregulatory ability will
probably survive although their postnatal development
can be compromised compared to those having an ade-
quate body temperature. Therefore, suitable management
actions as teaching the piglets during the ﬁrst 3 days to get
in and out of the creep area and providing enough heat to
keep them inside this creep area may  contribute to reduce
pre-weaning mortality.
Blood glucose concentration at 24 h rather than at
birth was  revealed to be a pre-weaning survival indica-
tor (Baxter et al., 2008, 2009). It is important to remember
that in the present study, both low (24–30 mg/dl) and high
(45–162 mg/dl) blood glucose concentration at birth were
associated with greater chances of mortality up to 3 and 7
days after birth. Low blood glucose concentration indicates
low natural glycogenic body reserves and may  be asso-
ciated with a low viability, which can explain the higher
mortality. On the other hand, higher mortality of piglets
with high blood glucose concentration could be a conse-
quence of suffering during parturition. The stress generated
will trigger the release of adrenalin and noradrenalin
A. Panzardi et al. / Preventive Veterinary Medicine 110 (2013) 206– 213 211
Table 4
Results of multivariable logistic regression analysis for factors inﬂuencing the mortality of piglets in the ﬁrst week after birth.
Variables Odds ratio Cumulative mortality
At 3 days At 7 days
CI 95% P value Odds ratio CI 95% P value
Model 1
Birth order
1–9 1.0 NA NA 1.0 NA NA
10–17  2.4 0.89–6.3 0.082 2.5 1.2–5.5 0.020
Birth  weight, g
490–1270 4.3 1.1–16.7 0.035 3.7 1.1–12.3 0.032
1275–1540 0.7 0.10–4.2 0.655 2.7 0.78–9.3 0.117
1545–1790 1.4 0.30–6.8 0.652 1.3 0.32–5.1 0.728
1795–2750 1.0 NA NA 1.0 NA NA
Glucose, mg/dl
24–30 3.9 1.1–13.3 0.030 2.6 1.0–6.8 0.044
31–44  1.0 NA NA 1.0 NA NA
45–162  3.3 0.97–11.3 0.056 2.1 0.83–5.3 0.114
Model  2
Rectal temperature at 24 h, ◦C
33.3–38.0 4.8 0.85–26.8 0.075 5.8 1.5–22.2 0.010
38.1–38.5 1.3 0.19–9.5 0.772 1.2 0.25–6.0 0.780
38.6–38.9 0.3 0.02–4.3 0.394 1.5 0.34–7.0 0.578
39.0–40.5 1.0 NA NA 1.0 NA NA
Glucose, mg/dl
24–30 27.1 2.8–266.1 0.005 3.8 1.3–11.3 0.018
31–44  1.0 NA NA 1.0 NA NA
45–162  16.1 1.7–154.4 0.017 3.0 1.0–8.7 0.046
Umbilical cord
Intact 1.0 NA NA 1.0 NA NA
Broken  4.0 1.1–15.1 0.040 1.2 0.41–3.3 0.756
CI = conﬁdence interval; NA = not applicable.
Within each variable the reference classes are those that contain the odds ratio equal to 1.0 followed by the initials NA in the other columns.
Fixed  factors included in Model 1: genetic line, birth following or not an obstetric intervention, sex, birth order, blood glucose concentration, blood oxygen
 an obs
e at 24 hsaturation, heart rate and birth weight.
Fixed factors included in Model 2: genetic line, birth following or not
concentration, blood oxygen saturation, heart rate and rectal temperatur
(Herpin et al., 1996), essential for glycogenolysis and glu-
cose increasing (Alonso-Spilsbury et al., 2005; Herpin et al.,
1996). Indeed, low viability piglets may  exhibit plasma
glucose, epinephrine and norepinephrine concentrations
almost two-, six- and tenfold higher than in highly viable
piglets (Herpin et al., 1996). In the present study, piglets
with high glucose levels were heavier (P < 0.05) at birth
(1589 vs. 1494 g) and tended (P = 0.078) to have a higher
cumulative farrowing duration (105.0 vs. 93.2 min) than
those with intermediate glucose levels. These aspects may
indicate a higher stress level during farrowing because
large size piglets may  represent a fetopelvic disproportion
(Jackson, 2004) leading to a higher difﬁculty to cross the
birth canal; the cumulative effect of successive uterine con-
tractions in slow farrowings can reduce the oxygenation of
the unborn piglet (Alonso-Spilsbury et al., 2005).
Even though the pulse oximeter provides a fast and
easy measurement of SatO2, this parameter was  not a
good indicator of piglet survival. The lack of SatO2 effect
on pre-weaning mortality may  be related to the fact that
viability score of newborn piglets is weakly correlated
(Zaleski and Hacker, 1993c) or even not correlated with
arterial oxygen saturation at birth and 60 min  after birth
(Casellas et al., 2004). The fact that oxygen saturation was
measured right after birth, in this study, may  also have con-
tributed to the results since Casellas et al. (2004) found
77% SatO2 at birth and 95% 1 h after birth, suggesting thattetric intervention, sex, integrity of the umbilical cord, blood glucose
 after birth.
pulse-oximetry measurement at birth cannot provide use-
ful information about later oxygen saturation of the piglet.
Asphyxia during delivery is considered the main cause of
noninfectious intrapartum stillbirth and is related to the
neonatal viability in pigs (Randall, 1971, 1972; Zaleski and
Hacker, 1993b,c; Mota-Rojas et al., 2005; Trujillo-Ortega
et al., 2007). In spite of its importance in perinatalogy,
blood gases are difﬁcult to be accurately measured (Orozco-
Gregorio et al., 2007) and precision of pulse oximeters is
questionable. In horses, pulse oximeter was shown to be
inaccurate for measuring blood gases since it was  not a
good indicator of arterial oxygen saturation and arterial
carbon dioxide partial pressure (Koenig et al., 2003). The
precision of pulse oximeter measuring oxygen saturation
levels below 70% is questionable (Kisch-Wedel et al., 2009)
since correlations values between pulse oximetry and arte-
rial blood gases were low in critically ill human neonates
(Gibson, 1996). Furthermore, some variables, including
anemia, which is a common condition of newborn piglets
(Lipinski et al., 2010), can interfere with the accuracy of
pulse oximeter readings (Gibson, 1996). To overcome the
inaccuracy of pulse oximetry, mainly at less than 70%
arterial oxygen saturation (Jensen et al., 1998), a new tech-
nique, which adjusts the reﬂectance for light attenuation
in tissue, has been proposed (Kisch-Wedel et al., 2009).
Cyanotic skin piglets and those which took more than
5 min  to stand had higher odds of mortality, in agreement
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Table 5
Results of multivariable logistic regression analysis for the risk of piglets
belonging to the group of 15% lighter at 21 days after birth.a
Variables Odds ratio CI 95% P value
Model 1
Birth weight, g
490–1270 12.4 4.4–35.2 < 0.0001
1275–1540 3.8 1.3–11.2 0.016
1545–1790 2.6 0.88–8.0 0.082
1795–2750 1.0 NA NA
Sex
Male 1.0 NA NA
Female 2.1 1.2–3.7 0.010
Model 2
Rectal Temperature 24 h, ◦C
33.3–38.0 4.8 2.1–11.1 0.0003
38.1–38.5 2.3 1.0–5.2 0.042
38.6–38.9 0.8 0.30–2.0 0.606
39.0–40.5 1.0 NA NA
Sex
Male 1.0 NA NA
Female 2.3 1.3–4.0 0.005
a Piglet’s weight ≤4200 g.
CI = conﬁdence interval; NA = not applicable.
Within each variable the reference classes are those that contain the odds
ratio equal to 1.0 followed by the initials NA in the other columns.
Fixed factors included in Model 1: genetic line, birth following or not an
obstetric intervention, sex, birth order, blood glucose concentration, blood
oxygen saturation, heart rate and birth weight.
Fixed factors included in Model 2: genetic line, birth following or not an
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ebstetric intervention, sex, integrity of the umbilical cord, blood glucose
oncentration, blood oxygen saturation, heart rate and rectal temperature
t 24 h after birth.
ith results of other studies (Randall, 1971; Zaleski and
acker, 1993a,b,c; Herpin et al., 1996), in which these two
haracteristics were used to determine the newborn piglet
iability. Nevertheless, Leenhouwers et al. (2001) found no
elationship between attempts to stand and the mortality
n the ﬁrst week after birth.
Generally, lower survival chance is observed in piglets
hich suffer during delivery, mainly those born later in
he farrowing process, as observed in the present study.
ower prenatal (Baxter et al., 2008; Borges et al., 2008;
axter et al., 2009) or postnatal survival (Baxter et al.,
008) has been reported for piglets with later position in
irth order. Late born piglets are likely to suffer asphyxia-
ion to a greater degree because of the cumulative effects
f successive uterine contractions (Alonso-Spilsbury et al.,
005). These piglets have a greater predisposition to get in
 hypoxia state (Randall, 1972; Zaleski and Hacker, 1993a),
hich can impair their adaptation to extra-uterine life. Fur-
hermore, piglets that take longer to be born are more
ikely to have broken umbilical cord at birth (Ash, 1986),
ecause most of them need to cross almost all the uterine
xtension, probably increasing the rupture of the umbili-
al cord before birth. There is a strong association between
remature umbilical cord rupture and stillbirth, since Lay
t al. (2002) reported that 94% of the intrapartum still-
orn piglets had the umbilical cord broken. In the present
tudy, more piglets with the umbilical cord broken were
bserved among those born from the tenth order onward
26%; 43/163) than in piglets with a lower birth order (19%;
6/449) and the importance of an intact umbilical cord to
nsure piglet survival up to 3 days after birth was  shown. Medicine 110 (2013) 206– 213
Although the birth order cannot be modiﬁed, knowing that
stillbirth (Randall, 1972) and perinatal mortality increase in
piglets born toward the end of the delivery, the assistance
can be intensiﬁed mainly from the tenth piglet onward, so
that losses are reduced.
5. Conclusions
Cyanotic skin, delay in standing, broken umbilical cord,
high birth order, low birth weight, low body temperature
at 24 h after birth, and both low and high glucose con-
centrations are indicators of a lower ability of piglets to
survive during the ﬁrst week after birth. Growth perfor-
mance until weaning is compromised in piglets with lower
birth weight, lower body temperature at 24 h and mainly
in female pigs.
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